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Abstract: Our earlier study showed that Bemisia tabaci biotype Q in Shandong, China, originated from 
the Western Mediterranean rather than the Eastern Mediterranean. To uncover the invasion mechanism of 
biotype Q, we analyzed the genetic diversity of the Q-biotype populations from the Eastern Mediterranean 
using the mtCOI gene and 6 highly polymorphic microsatellite loci, and compared the diversity to that of 
the Western Mediterranean Q-biotype populations. The results showed that the genetic diversity indices of 
the populations from this region were as high as those from the Western Mediterranean, and did not 
exhibit a significant difference. However, genetic heterogeneity existed within the populations in the two 
regions. The comparison of the genetic structure of populations, in native ranges and with different 
invasiveness, will be helpful to further reveal the physiological and ecological mechanisms of the invading 
alien populations. 
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BOM i ZEM, BOM AA ADEE Cite — FEM, (AEA — ea oP EO IAE 
Soe 2010), WFR, ese ee, ie Aa PrE (Tsutsui et al., 2001; Chu et al., 2006; Caldera 
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et al., 2008; Winkler et al., 2008) , ix PJ FEVERS 
PARK, FCP Ra REHE H iae T ATTEN 
SRE, MAP REKREI RI BE- JE ERRER 
TAB BU, MERR a 1 2) Be AE Bi 
4] fi VERE SD OT Ae Ha FERE EB 2b J 
SLAB RARER Ee P 28 FJ B) EE, JN Y 38 
ZNP PARCELA SED Ui] BT ALAA, RR SOE 2 RT A 
ARE AY AE 35 BERRIES AE ASL bil (QO AE BS ft HE 22 
51) SE?8 4E ( Winkler et al., 2008) , 

AUS Hl, Bemisia tabaci ( Gennadius ) #2:— fh: E 
HIA MV Sg d, EB BY Q AUPE IA A f EE BER 
TTAB. WEFR, EFE EEDURE B AYA Q BH 
Ta SUE A AS la] AY 2 (De Barro et al., 2011), AS 
XN T 16x82) B, ARA TRAE RIA ot A 2c 
PE, Dara PRA BAYA Q AYA el, B AY AA a al 
Mate As ERE, m Q AYIA a SU eet 10 FR 
TETERVEZE BACON E]. Se Bl. A AREAL A 
BEA SB BL (De Barro et al., 2011) , 20 Ti 23 90 
ERPI, B XRHBUSPSUPE A SK El ER T 77^ 38 B Z8 
DPA, TEAR IS — EXESER P3 EREKE EZ AAA 
$3 SU E73 (Chu et al., 2006) , 2003 4E, Q FUR 
ATED BS EG BHL HOS EE IX ACH ( Chu et al., 2006) , Bi 
JaTEVEZE 8 ft HR Y APARARE VUE 
Hj, 2007 FRI B HY KA ir BOER E Ze BU DR S S 
ARD UAE 2] 73, m 2007 AFG Q AY AA th LAE TT IRAN 
KEZAPUR B AA ml BON T EZ PIOS SUE VI 
7! ( Ahmed et al., 2009; Chu et al., 2010a, 2010b; 
Teng et al., 2010; Wang et al., 2010; Rao et al., 
2011; Hu et al., 2011; Pan et al., 2011), 

Q AIA BLA) AOL i BOA T ATRE BES 
AS. QAAE TP ae HK, TE 
SP i — ai VF a EI AX) YZ ot Afi (De Barro et al., 
2011), ÆTTAR ME (SSR) Si fr BE 
KER, FRAT AC SLR Es] OIRA) FAA SUI 24:208 
PERAE ia fet HE, BIS EW F P HP 8E HX ; 
Tfj Q 78 4993 aL As 348. FP Tee Be EU Ae Ae A MRA 
(Chu et al., 2011), HIEW AB, Q AYA SUUS He 
He Pp ES NR ZE TE PETRI ER iR QE 
AF LAE, MAKE ( ET SSR tpi) ZtE 
PETS BOCA wA (Chu et al., 2011), Ak, E 
pode Q FY Bl LAE RD PP BF CZ FP SERERE) SpE 
Dap aE PHE P EPEE ) PATS B0 LEO E , HP 
xE—2 Pon Q AYA ht BL BOA fe OL till ROG ER EIN 
SHID TE & o 


AS SCHR T A fe Bd LAs BY) QA ai BBL IE OR 
Da PE (As Hl P ERRER) BI eA AR ae Fe EE SR 
EASE TERIS, JEE— ZEE R A -Q 
A as EL Ss EP RP RF B] 12 2 FE PE (Chu et al., 
2011) XEfT T ERIT, BRIT Y RE Q UDDE 
SUA BREED Lii o 


1 MeSH 


1.1 (Rite 

Q 2 AA in SUR HUP TREY PE RR (3€ 1), ERE 
All. Paul De Barro Re, ud 3 T PER, 
X M. SRE, BARA 1 TORRE, TL TURPE, 
JUPE HOS “aE, UR 1 a AB 1 A 
TEE. TEE 95% CRAB, -20C RF. E 
JRE m 1 52x PH 2n 8L C5, 2& LG s(t COT ) W FE 
VA SEI HT EA E Q AB E 
1.2 SS Bl DNA R, PCR f Re f F8 
tr ul 

TEL MR BY BL DNA te Ht Ty A BS BR ws Se 
(2005) , mtCOI PCR RRR A b ERR Z8 AR Chu 
S (2011), Ht 5 uL PCR 779728 1% B ISP BRE De E 
EB) EIKE, KIMIT F BeBe, eA RH BUT 
(RE FT WU AR Mp E Æ M RF (De Barro et al., 
2003; Tsagkarakou and Roditakis, 2003) , fft tH XT 
Q RUBUS BLA RELSE 6 T ACE EE (RR 
1), PCR Je JV P AR Je c RE HP BS RR De Barro $% 
(2003), PCR j^ 9] EEF 7.096 KATER VAL Mi ER 
BEBOP, 721 x TRE RIRA THXEZIAE 70 W PET HB 
tha, BEATER. MGS IEA BK), FBT 
WEA. BeAr GRI BREED GR3 PRET AI 5 3k 
Al 10 3k E 5M, Hift DE APPURIUE RET I SRI 
E 15 3k, 
1.3 RRO Eid 

TEASE Q ODE SURG IPIS TEE mt CO! 
Fp Sl) P 3h rp CREE Be UL ZR A Pr E (Chu et al., 
2011) HY mtCOI FE KEN 447 bp) HTa. AA 
AP RU BEES RISE DnaSP 5.0( Librado and Rozas, 
2009), Ba fx pimp gir NETWORK 4.5 
( Bandelt et al., 1999) FT Fil o 

Q 5 UY BL Aas HB. EP HE Ph RE BR ZEE TE OP 9T 
ET RTA IR BK FS WEE 25 EE TS A: 
BS PLRHI TLCS); REMAN); ae 
(H); PRT RAH (K) ; Jukes fH Cantor RIE K 


El eth Acta Entomologica Sinica 


AR tA EEK Q BH EA BERE RR 


Table 1 Samples of Bemisia tabaci Q-biotype populations distributed across the Eastern Mediterranean 
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*1 
SK AE HI ja PREF 3e A HS [RI 
Collecting site Population code Collecting date 
3& lit Greece GRI 2007.5 
45 itt Greece GR2 2007. 6 
45 itt Greece GR3 2007. 6 
IRK Egypt EGS 1996 
XXX Italy IT7 2004 
Jj Sudan SD13 - 
TEY Hh VJ. Croatia HR14 2001.9 
TEY Hh VJ. Croatia HR15 2001.9 
TEY Hh VJ. Croatia HR16 2001.9 
TEY Hh VJ. Croatia HR17 2001.10 
TEY Hh VJ. Croatia HR18 2007. 10 
JÆ Bosnia & Herzegovina BAI19 2007.10 
3E TB Me Cyprus CY 2006 
X2 


wala (JC)]. ETRE EIR BEES rE 


Table 2 


pT DLR 


Microsatellite locus 


BEM6 


BEM11 


BEM18 


BEM25 


BEM31 


BEM37 


AE 


Host plant 
#8 JI. Cucumber 
HH JK. Melon 
HH JK. Melon 
HL PAF} Lantana 


pi Tomato 


— i ZI Poinsettia 


AUR Cucumber 


— i ZI Poinsettia 


— i ZI Poinsettia 


Jii f" Eggplant 
Ti 4E Cotton 


54 3 


yix Number of individuals tested 


mtCOI 
8 
8 


9 
2 


CA 


o Oo LÉ 


A Sz f HB 6 HAILEA AR Nine 


Six sets of primers and their annealing temperatures used in this study 


3]HJFEAJ -3') 


Primer sequence 


: TTACACTTAACACCAGAACT 


R: GATGGCTTATGTTATAATACTA 


: TTCAATGATGCTTTCCTGAC 


R: CAAATAAATACACCATTTACA 


: TCAGGATTCGGCCGGCTAT 


R; CATTCATTTGCGCTGTAGATT 


: AAGTATCAACAAATTAATCGTG 


R: TGAAGAATAAGAATAAAGAAGG 


: AAGAACTAGCCAGGGACAAAC 


R; GTCATTTCTGGATTCTCAGCA 


: TGACGACCTGAGGCTGAGAG 


R: TGCAACGGCAACAGCAAGCAA 


TAT o 


Ayr AB, HE POPGENE version 1.31 ( Yeh et al., 


1999) XI [B Ah a A ie Pe EE TS ETT ITH: 2 


LA 


ABUSE See Fe A (Na). "HC A a Al 
(Ne). WEE ZR BE (Ho). WERSJE (He) UK 
Nei’ s WERGE. WA Y AM KB ALAS EEE 
AEA Ze PEPE PPL, H- Pat rp ae a aE ZR 
FETE TS Z (Chu et al., 2011) ap all atf T Sp TE 


3B Gl BE (0C) 


SSR 
5 


10 


13 


15 
15 
15 
15 


Annealing temperature 


5 RD MT 


2.1 Q EABAR EA BE ES RE LU REAR 
FEE fi 22 Dog 28s E 

H1 ey A P 45 A] p np A ABC 1) , TEER 
3 PISO DEA T P i rp ED, Q a RA 


50 


50 


50 


60 


55 


50 
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R1 Q AURAS mtCOI HARA d 4er E] 
Fig. 1 Bemisia tabaci biotype Q mtCOI haplotype network 
HERR RU HREAN, MERRE Pa EL] — 04419628 RA eA B A ARREK, B B dé Aho K ya E 
Zeit A). Pe HE AH (Western Mediterranean) GERE WIES RPR; As hh P RhE (Easten Mediterranean) GRKA S627 RUE, WK 
AS RE OPPS. Fa AAR PP P E RR Lg RIN ( CNdze) . BERR ( CNjne) ,. WSR (CNee), Z£26 (CNsge), WPA (CNzbe), 2 HE 
( CNzze ) Kii Jr ( CNzze) Hi ZEFPHE. The area of each colored pie diagram reflects the number of individuals of each haplotype and coloured segments 
represent the proportion of the same haplotype that occurs in each sampling region. Fig. A was drawn on the level of populations. Fig. B was drawn on the 
level of regions. The Western Mediterranean populations include Moroccan and Spanish populations, while the Eastern Mediterranean populations include 


populations from Italy, Croatia, Bosnia and Herzegovina, Egypt, Sudan, Greece, and Cyprus. Chinese populations include the cotton populations from 


Dezhou ( CNdze) , Jinan ( CNjne) , Liaocheng ( CNlec) , Shouguang ( CNsge) , Zibo ( CNzbe) , Zaozhuang ( CNzze) and Linyi ( CNzze). 


RI QHZIBE B KIBIIST BET mtCOI 5 SSR Hees HEA 
Table3 Diversity indices of Bemisia tabaci Q-biotype populations from the Eastern Mediterranean 


region based on mtCOI and SSRs 


PREE CUM MASK, mtCOL/SSR) 


mtCOI SSR 
Populations ( Number of 
individuals tested,mtCOI/SSR) 5 » H Hd(SD) (SD) K aC) No Ne Ho He Wei 
Q1 
GR1 (8/5) 2 2 2  0.429(0.169) 0.001918 (0.001713) 0.857 0.002 2.1667 1.8521 0.3000 0.3889 0.3500 
GR2 (8/ -) 3 3 0.679(0.122) 0.003116 (0.002424) 1.393 0.003 
GR3 (9/10) 2 2 2  0.389(0.164) 0.001740 (0.001578) 0.778 0.002 2.1667 1.8704 0.2500 0.4307 0.4083 
HR14 ( -/13) 1.6667 1.4417 0.1667 0.2600 0.2490 
HRIS (5/ - ) 1 1 2  0.400(0.237) 0.000895 (0.001138) 0.400 0.001 
HR17 ( -/15) 1.8333 1.6550 0.0889 0.2897 0.2800 
BAI9 (9/15) 1 1 2 0.556(0.090) 0.001240 (0.000200) 0.556 0.001 3.1667 2.1755 0.2762 0.4714 0.4552 
Q2 
HR18 (9/15) 2 2 2  0.222(0.166)  0.000990(0.000074) 0.444 0.001 2.6667 1.6371 0.2000 0.3111 0.3007 
CY (8/15) O 0 1  0.000(0.000) 0.000000(0.000000) 0 0 2.6667 2.0405 0.2838 0.3959 0.3821 


S: Zu JA Number of polymorphic (segregating) sites; n: EA HJ RÆ Total number of mutation loci; H; Zi) t Number of 
haplotypes; Hd; #4% #1 £ AE Haplotype diversity; m: 4% M ETE Nucleotide diversity; K; Æ 33 d 225 FF Average number of nucleotide 
differences; m (JC): Jukes fll Cantor 2 IE RJ a [Ei Nucleotide diversity with Jukes and Cantor correction; Na: BAM A BEA y; XE DA]. Average 
number of alleles per locus; Ne: A XX v 3D Effective number of alleles; Ho: XJ #248 BE Observed heterozygosity; He; #H #824 JE Expected 
heterozygosity; Nei; Nei’ s HE26 HE Nei’s (1973) expected heterozygosity. 
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aE. Am, 2 PK MA 2 PSE A 
TEAM, AR A 6 MPA IR EOS, Pe 
RES A 5^ REG HIER, BE 2 SKE 
WARRE FELUAR A DUE XXL 3 Rp EE (Hapl, 
Hap2 4j Hap7) , 3X 26.58 fp 79 Y n] fe Vg 3t, rp 18i d Dx 
| ta FE Y RF ( MAS FI MA9 ) Al Pg JE ZF (ESII Hil 
ES12) ] BHR, Tf TE ZR Hb a DCU EHM. 
2.2 &T mtCOI 5 SSR AY Q HN m ZH rp i 
PH BF ioe E e ETE AT 

WARA Q FYB By BALA BH T B9 ETS oP 4E, 
Chu 5&(2008a) Æ F mtCOI XE DE HAW Q1 SK 
5 Q2 x. PEER, Vut pis Pp 
MALA 2E 18 Pr PEE (CY ) JR F 

RRMA, BU ST QU fe RA. DI, 
REEE E DLB T donat V 3t P EPHE 
H QI ERER ZEEE. 

AE T mtCOI A SSR Wie FETEZSCC X 3) n] 
WAH, Ej pdt He: PE A (Chu er al., 2011), 
Ad ris EY BOE E RTE. SET 
mtCOI PRI, ASHP ERER Hd IY [8 7g 0. 491, 
ja Hep vee a ( Hd EHEN 0. 415) LEEA 
(P 20.05), ÆF SSR fiu, ZR PER TE He 
WIS [8 2g 0. 368, 5j Pu du rp iSo Ph EE (He FHEA 
0.468) ERA Sb E TEE (P 20.05) (EE 2) 
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Fig. 2 Genetic diversity of Bemisia tabaci Q-biotype 
populations from the Eastern Mediterranean and 
Western Mediterranean regions 
Hd; P47 ENTE (SEF mtCOI) Haplotype diversity based on mtCOI; 
He: WHEA JE (JEF SSR) Expected heterozygosity based on SSRs. Jl 
WF AR EAR HE HE B Chu “ (2011), The data for the populations 


from the Western Mediterranean originate from Chu et al. (2011). 





3 twit 


ERE, Q AUB LY MOA BC Rye HU 


B AY Ri alas ABR). B 2003 EAR, BARI 
REFR Q BY Br LF RN Y 3€ Ee Ae 
BJ SE EU UAE HA ( Ahmed et al., 2009; Chu et 
al., 2010a, 2010b; Teng et al., 2010; Wang et al., 
2010; Rao et al., 2011; Hu et al., 2011; Pan et al., 
2011), XWH, Q BUA i mL B. 28 BUS RAER E 
HA grs ias PE, KEH Q Ae BOT I A ZS 
As A ERAMATE, IRAE PED ALA SB v 
RRAHJE RE, REAREA o Q AMT 
TAP HE BAT Pe 28 T4 T 2306] 13 2 Foul VER BE D 
mM. Jil RAPD (4# łk ©, 2007). ISSR( Chu et 
, 2008b) , SSRCHEES AE, REREH STK AEA 
PRIA Q AY. BAYARD mL 2 Pr BLA PP PEE TS 
?hTJ A LOBE , ALOT SESH A RRE Q A 
ALES BLP BA EG BBY HB) BUE Te Se EE, 
Te Bh iy WIE SEE RI BB Q AIA a ZY 
PES SPE Eee GE Tie eA Bea, SEU AR He 
TE I SH Q BY Bt ER A KBR BY KB E 
BOs EE A3 BL PP LR RET TRER- 
w PERRE, WAR Q AYIA ie a Ee ALA Tee 
fe Ze VE AD Se IER, SA MM ASE A (ET BAT 
Drie) TE AEFHAEBUR SES PEK (Chu et al., 2011) , 
JUS ZR DIST RHIA BY BETE P RAP ETE A EIE. 
Axis SERE HEUREUSE DJ EIER], A5 ERA 
HERI BBY. Q AIRRA FETE HY oP OT GR 
Heg CERA, 2007, 2008b ) zt — BLY c 
ARPER Ae BE, DA — WAT PE 
BOA TARE, WRIA RI EA: (1) x BE Rp 
BA te HAE a SHAE BEE, (2) FABRE TE 
BARS PAA Fy BS EAE BO PE; (3) FAAP 
BE XTE FEE 7J BES REHA ( Lee and Gelembiuk 
2008), HB, Shoe AH HY RR ETE H a ol ee ATT 
HKE, MAR REE HY) He 7J n] BES Jk ea 
ARUBA. BUCH TB] A SEES CAS BURPREREHE 
ARRS HY LER FE , Jed SPOR AP A He OL h BAL 
TUB , TEATS , Bet Q AU SUR HEAR OR UR 
FIRE AR HE P ee BP a) A a Fe AREE E oT A 5 JR 
Y^ HL UEURTRE PIHE FP ISCRP a) ae Fe RETE (Chu et 
l., 2011) BJ ELTE HA, FESR DR PEE C He rp vee AP 
HE) SOR WE (Pa He P ERRE) Zoe EBA SF 
PETS BUR E BEA SRE BARE, DG 
Bee, RSA RA HK Eurytemora affinis 
MOU TA]: ER, Ae AE VU TE xc HK 
TS ZE EET SN (EE Hd 73 0.930, cR 
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REFEE a 2g 0.0054) i FIEA RERA A 
WERE ATA 0.779 Fl 0.0037) ( Winkler et 
al., 2008) , IER Hi ZEA, ea fz Ze ETE n] BE A BE 
Hwa HERRERA ETE, SR, weEA— P 
TRETE, BE Q AUAI AR Hee eH ULRA 2840 8 
ARTE, Rd H Bi RATM R AC SS TE FE 1630 DX. FN 
Af&. 

KWR PH, Ze E DS Efe HY po] 26 Se 38 2r T 
(E1) El B SEEDS APT (Chu et al., 2011) 5j 
RHH: Q RUBUS SUE Jet P7 3b ZR Hb Pe hE C HE AC 
WIRE). PH P ERPE CAP EF) SB fte BORA 
FEE, AS AVE Zee RAAMES 
(WEA. FEF, Pate ae EG ZR HOP ERRA 
ES RRA Và De EME A CERE A ) (Chu et al., 
2011), EEA AEA n] 8 AE Q AYA BLA Hz 
BPE TRE Hb Te hho B EP BT HY 
TAE Al ERE TE nT Se TE TE Da ic Bt Fe BE F (cryptic 
genetic variation, CGV), jx #8 CGV Tr JE dt ^E bs 
PO FIERA Zn], EI HE PCA BT 
WEA Fe A BY n] LA ie a 42 AY ( Gibson and Dworkin, 
2004; Lee and Gelembiuk, 2008), #&{]#EW, BA 
CGV BU P i ERR aE ee A R EUST HS AE Ba BF 
(AURERE, EI ER) ELT 
Hye, Wat EGE ME, AES, TUUS] 
MeV SBR B Hi SURE T AERIS 

ABA, Q BKB ar BLA feb RE hod E 
EA Ye? PR iat 12 or Or eH, BE SS A S D 
Dreissena polymorpha ( Gelembiuk et al., 2006) . Ei 55; 
Ik% ( Winkler et al., 2008) ~ [nf ENE WY Linepithema 
humile ( Tsutsui et al., 2001). 20 KW Solenopsis 
invicta (Caldera et al., 2008) i= A [z REESE A 
TEM WAX APRS HE. IRPH 
PRUE BET RI SEUR T AARRE RUIT] AE AS 
F4 Lee and Gelembiuk, 2008), REKE Q W 
AREA tc Bg TERR 7J ES 55 VR HP SERERE 
LARA T UH KA IET EM TE o 


Ky GRADE CSIRO E X Pp De Barro PJ 1€ 4- 7j 
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